The problem of stability of bilayer type II superconductor with dierent critical current densities of inner part and coating was considered. The optimum thickness of surface layer enabling the maximal increase of the eld of rst ux jump was found. The eld of instability for such bilayer structure was calculated for NbTi superconductor. An increase of the eld of the rst ux jump by about 60% has been found for optimal coating thickness.
Introduction
The analysis of causes and patterns of occurrence of low launch uctuations ux jumps (from tens to hundreds of thousands magnetic ux quanta), which can grow into a giant magnetothermal avalanche, is very important in the investigation of the stability of critical state. Thermomagnetic instabilities, which lead to a sudden failure of the critical state, are the major factor limiting the high current technical applications of bulk superconductors. Thermomagnetic instabilities in superconductors are identied as giant jumps of properties (resistance, temperature, speed of sound, magnetic ux, magnetization, etc.). They often lead to a melting of some elements of the devices and to irreversible consequences that damage expensive electrical equipment (solenoids, motors, energy storage).
Flux jumping in hard type-II superconductors is now fairly well understood, and several stabilization techniques have been developed for magnet applications.
These techniques involve subdividing the superconductor into laments within a normal metal matrix, and enable magnet conductors to operate at currents close to the critical values of short samples [1] . Diameters of superconductors thread do not exceed 0.1 mm, and usually amount to several µm in such composite superconductors. Flux jumps appear, when the diameter of the thread increases above some critical value (d c ). This critical diameter is connected with the eld of the rst ux jump and with the value of critical current density
, where B 1j eld of the rst ux jump, j c critical current density and µ 0 = 4π × 10 Recently, in paper [3] , there was found an increase of stability of the critical state of the superconducting wire with a core and a surface layer of Nb 3 Sn and Nb, respectively. In present article, we consider this problem quantitatively. We have obtained criteria of stability in such bilayer superconductors.
Model and calculation
We considered bilayer superconductors consisting of inner part with critical current density j 2 (T ) (SC-II), and of thin surface layer of thickness δ 1 with lower value of critical current density j 1 (T ) (SC-I). We investigated the stability of such composite by methods proposed by Mints and Rakhmanov in their review [4] . For the critical state of type-II superconductor, time dependent distributions of magnetic and electric eld as well as of the temperature can be described by the following system of partial dierential equations:
where T temperature, B magnetic induction, E electric eld, j c critical current density, C(T ) specic heat per unit volume, κ thermal conductivity and σ f ux-ow electrical conductivity.
Let us introduce the parameter τ equal to the ratio between the time of magnetic diusion (t m ) and the time of thermal diusion (t t ):
, D t thermal diusivity, D m magnetic diusivity. For most of type II superconductors (especially conventional), the magnetic diusivity D m is very much greater than the thermal diusivity D t , and then the parameter τ 1. This situation is usually called locally adiabatic or τ -zero approach (τ = 0). The opposite so-called dynamic limit τ 1 is realized in composite superconductors. As shown in Ref. [4] in τ -zero approach, system (1) can be simplied, and written in next form
We assume that our superconductor (with j c = j 2 (T )) is covered by modied layer of thickness δ 1 (with j c = j 1 (T )), and occupies half-innite space. We introduce the critical currents' ratio K = j 2 /j 1 . The external magnetic eld is directed along the surface of such superconducting structure. In this situation, system (2) reduces to one-dimensional problem. Schematic distribution of magnetic eld is shown in Fig. 1 . In this case, system (2) can be written as follows:
We investigated the stability of this system against the small perturbations of temperature, magnetic and electric eld. With this purposes, we represented B, E, and
where B 0 (x), E 0 (x) stationary distribution of magnetic and electric eld, T 0 initial temperature of superconductor (usually equal to the temperature of coolant bath), and b(x, t), ε(x, t), θ(x, t) innitesimal perturbations. If the critical current densities do not depend on magnetic eld,
where B α the external magnetic eld on the surface of bilayer superconductor. This distribution of magnetic eld is shown in Fig. 1 .
After linearization of this system, in the case of small perturbations, one obtains Fig. 1 . Schematic distribution of magnetic eld in bilayer superconductor with two dierent critical current densities (j1, j2) and thicknesses (δ1, δ2). 
where
This problem can be solved in each region ([0, δ 1 ] and (δ 1 , δ 2 ]), separately. Using the continuity conditions, the eld of the rst ux jump can be obtained
Assuming linear temperature dependence of the critical current density j 2 (T ) = j 02 (1 − T /T c ) (T c critical temperature), it can be found that
where B 0j (T ) well known expression for eld of rst jump in conventional case (without coating) [4] .
The critical state stability analysis of NbTi bilayer
We used criterion (9) for NbTi superconductor with next parameters [1] :
With xed parameters T and K, the eld of the rst ux jump (9) has non-monotonic dependence on the thickness of surface layer (Fig. 2a) . We can nd an optimal thickness of the surface layer (δ opt < d c ), which leads to the maximal value of the eld of rst jump. This value depends on both T and K:
The dependence of δ opt versus K for dierent temperatures, T = 2 K and T = 4.2 K, is shown in Fig. 2b . For K 1 this dependence is practically linear.
Temperature dependence of the eld of rst jump for dierent optimal thicknesses of the surface layer is shown The inuence of the coating on the increase of the critical state stability can be clearly seen in Fig. 4 , where we present relative changes of the eld of rst jump,
100%, for optimized thickness of versus temperature for dierent ratios of the critical current densities (K = j02/j01). These curves are calculated for optimal thickness of surface layer.
surface layer and dierent ratios of critical current densities.
Conclusion
Criterion of stability of the critical state for bilayer superconductor has been obtained. This criterion has strong dependence on thickness of coating and on the Stability of Bilayer Superconductors against Thermomagnetic Avalanche A-87 ratio of the critical current densities. Using the coating with lower critical current density, one can increase the eld of the rst ux jump as well as the critical dimensions of the superconducting elements. In the case of conventional NbTi superconductor for optimal coating, the eld of the rst ux jump can be increased by about 60 percent.
